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Evolution of Mechanisms of Infection Transmission
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Abstract

Infectious diseases represent the outcome of the parasitic interactions between biological species. The
mode of transmission of the parasite microorganism to the human hosts represents the mechanisms of infec-
tion spreading. Present-day humans have inherited the infectious diseases from their humanoid ancestors.
In the course of humanization, pathogenic microorganisms have evolved for invasion of the human species.
Hence the mechanism of infection transmission is as well a product of the evolutionary interactions be-
tween microbes and men. One basic biological character of Homo sapiens is the acquisition of qualities that
are missing in animals — consciousness and the capacity to develop a society. The social, intended actions
of humans influence the mechanisms of infection transmission in parallel with the biological evolutionary
factors and the environmental factors. The biological sense of the infection transmission is the survival in
time of the species of pathogenic microorganisms. Dependent on the different characteristics and require-
ments of the pathogenic microorganisms and the human behavior, different transmission mechanisms are
settled. Here we discuss the variety of mechanisms of infection transmission and their evolution under the
influence of natural and social factors, as a response to the basic requirement of the species — its survival
of the species.
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Pesrome

WNudexuno3anTe 60ecTr ca NposBa HA Mapa3uTHH B3aUMOOTHOILICHHS MEX /Ty OMOJIOTMYHNUTE BUIO-
Be. HaunHuTE Ha MpexBbpIisiHE HA MUKPOOPTraHU3MHUTE-TIapa3UTH BbPXY XOpara-Xa3au Mpe/CTaBiIsBaT Me-
XaHW3Ma Ha IpesiaBaHe Ha 3apa3ara. CbBpEMEHHHUAT YOBEK HaCleAsIBa MH(PEKIIMO3HUTE OOJIIECTH OT CBOUTE
IpeAIU-XyMaHOUIU. 3aeJHO C OYOBEYAaBAHETO Ha XyMAHOWIWTE IATOTCHHUTE MUKPOOPTaHU3MHU E€BOJIIO-
upaT KbM Mapa3suTHpaHe BbpXy yoBewkus Bu. CieqoBaTeTHO MeXaHM3Ma Ha Mpe/aBaHe Ha 3apas3ara €
CBHILIO IPOAYKT HA €BOJIIOLIMOHHUTE B3aUMOOTHOILIEHUSI MEXKIY MUKpoouTe u Jitoaere. OCHOBEH OMOJI0TIH-
yeH Oerner Ha Buna Homo sapiens e, 4e Toi Ipu100MBa KadyecTBa KOUTO JKUBOTHUTE HAMAT — YOBEK MPHI0-
OuBa ch3HaHME M pa3BuBa o01IecTBO. ColMaTHUTE, Ch3HATEHO NMpeIIpUeMaHy JIeHCTBUS Ha YOBELIKUAT
BUJI, BIVSISIT HA MEXaHU3MHUTE Ha MIpeJaBaHe Ha 3apa3aTa ChbBMECTHO C OMOJOTMYHHUTE CBOIIOIMOHHM (hak-
TOpHY U (haKTOPHUTE HA BHHIIHATA Cpe/la. BUOIOrHYHUAT CMUCHI HAa MEXaHNW3Ma Ha Tpe/laBaHe Ha 3apas3ara €
3ama3BaHeTo Ha BUJa HA NATOTEHHUTE MUKPOOPIaHU3MHU BbB BPEMETO. B 3aBHCHMOCT OT pa3InYHUTE CBOM-
CTBa M MOTPEOHOCTH Ha MAaTOreHHUTE MUKPOOPTAaHU3MH M MOBEJCHUETO Ha YOBEIIKUAT BHJ, CE Ch3/aBaT
pa3IMYHU MEXaHW3MH Ha npefaBaHe. /IiucKyTupar ce pa3TMuyHITe MEXaHU3MHU Ha MpeJjaBaHe Ha 3apas3ara u
TSIXHATA BOJIONMSA O/ Bb3JICHCTBUETO HA IPUPOIHUTE U COLIMATHU (PaKTOPH, OTTOBAPANKU MaK HA OCHOB-
HaTa moTPeOHOCT Ha BH/A — 3aITa3BaHETO MY.
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Communicable diseases are manifestation of
the interactions between species - between our spe-
cies, Homo sapiens, and microbial species. They
represent a special case of ecological relationships
on earth.

Microbes emerged prior to humans and prior
to animal life. Soon after their appearance, animal
species came into contact and interacted with the
world of microorganisms. Thus, certain microbes
populated macroorganisms without causing them
any harm, while others used the macroorganism’s
environment in a way that disturbed the eubiotic
balance of the host. The relationship became par-
asitic.

Gradually, over time, parasitic microorgan-
isms increasingly accommodated themselves to the
host environment. The relationships created in the
adaptation process ranged from nearly complete
symbiosis to such that severely damaged the host
(pathological manifestations). This was how infec-
tious diseases emerged.

Concurrently, different modes of transfer of
microbes from one host to another developed, and
the mechanism of infection transmission appeared.

Humans inherit contagious diseases from
their ancestors. In the evolutionary process leading
to the emergence of modern man, animals, whose
existence preceded human life by millions of years,
had already been subject to infectious pathology.
Hominids became exposed to age-old parasitic re-
lationships with pathogenic microflora, so the pro-
cess in which the microorganisms pathogenic for
animals adapted themselves to the environment of
the human body (which was not quite so differ-
ent) occurred in a natural, evolutionary way. The
process also affected the modes by which germs
spread from one person to another. Those were the
different mechanisms used by pathogens to trans-
mit infection. The mechanism, therefore, by which
infection spreads also ensued from the evolutionary
relationships between microbes and human beings.

In course of evolution, Homo sapiens ac-
quired a key biological quality that animals lack.
Humans have consciousness and live in a society
(socium). That was the basis on which speech de-
veloped as a means of expressing consciousness.
The need to survive and preserve the species trig-
gered relevant responses both in man and society.
Consciously undertaken social actions were reflect-
ed on the mechanisms of transfer of infection along
with biological evolutionary factors. And while
infectious diseases evolved under the influence of
both biological and social factors, the epidemic
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process never lost its biological essence.

An epidemic process is the spread of com-
municable diseases in human society. It is found-
ed on the mechanism of infection transmission. An
epidemic process is not possible in the absence of
a mechanism of infection transmission. The en-
tire evolutionary process of all biological species
on earth has involved the evolution of the parasit-
ic relationships between certain species as well as
the evolution of infectious diseases and the mech-
anisms of transmission of infection. The evolution
of the latter was driven by the same biological and
social factors that brought about the changes in the
relationships between micro- and macroorganisms.
Depending on the qualities and needs of pathogenic
microorganisms and humans, different mechanisms
of infection transmission have emerged. They, in
turn, also change (evolve) being influenced by nat-
ural and social factors, again in response to the ba-
sic principle of every species — self-preservation.

Infection spreads by four main mechanisms:
airborne, fecal-oral, vector-borne and direct con-
tact. The routes via which these mechanisms occur
are countless.

How could the evolution of the mechanisms
of infection transmission be characterized?

From the evolutionary point of view, the
airborne mechanism of transmission was the last
to emerge so it is the most recent one. For per-
son-to-person transmission or animal-to-animal
transmission, the infection must come into con-
tact with the respiratory organs. As a physiological
function, breathing is crucial for life and in its ab-
sence life is only possible for a very short time. A
group of microorganisms have found optimal con-
ditions for growth in different parts of the respira-
tory tract. Owing to the protective role of the phys-
iological and pathological responses (sneezing,
coughing, speech), however, the uninvited guests
are expelled from the body. This is how aerogen-
ic pathogens leave their host, pass into the air, and
enter the next susceptible hosts. For this to happen,
the source of infection and the susceptible host
need to be within close distance of each other. This
transmission mechanism, therefore, is common in
human societies. It will rarely occur in wildlife as it
will be ineffective there. The airborne transmission
mechanism evolved mainly under the influence of
social factors. For a group of pathogens the evolu-
tionary process increased the resistance of the caus-
ative agents to the external environment and their
ability to survive in unfavorable conditions (e.g.
the causative agents of diphtheria or scarlet fever).



The survivability of those pathogens became so
high that in some cases the infection is transmitted
by other mechanisms: alimentary, direct contact.
In another group of respiratory infectious agents,
social contacts are of primary importance. Closer
contacts among people are prompted by natural
factors (cold weather and the need to stay indoors),
and especially by social factors which cause large
numbers of people to gather in small spaces, or
overcrowding spaces in poor societies, or bringing
people together at cultural, entertainment or similar
events in technologically civilized societies (stadi-
ums, discos, rallies, public transport, etc.). This is
the case, for instance, with influenza and other sea-
sonal respiratory viral infections. It should be borne
in mind that, over time, numerous civilization fac-
tors have intensified the evolution of the airborne
transmission of infection and this mechanism will
certainly keep its leading role in the spread of con-
tagious diseases.

Another group of pathogens most common-
ly use the fecal-oral mechanism of transmission.
In this case, a different vital physiological system
of humans is used - the digestive system. An in-
dividual can survive much longer without food
than without air, but still for only a limited period
of time. These infectious agents invade the body
through the mouth via different environmental fac-
tors (water, food, contaminated hands, etc.). Hav-
ing resided in the body for some time, they exert
varying degrees of pathogenic effect on their host,
either causing an infectious disease, or they might
not trigger any pathological manifestations at all,
in which case there is healthy carriage of infection.
Eventually, they exit the host via the faeces. Since
it takes much longer for the pathogens to enter a
new host, they have developed particularly strong
resilience in the external environment.

Social factors have also been instrumental in
the evolution of these causative agents. Civilization
processes have exposed them to new, previously
unknown, adverse impacts - chemicals, antibiotics.
The species causing intestinal infections manage to
survive by adapting to new conditions and strains
by means of increased resistance to antibiotics and
other chemicals emerge (e.g. shigella, salmonella,
escherichia).

The vector-borne mechanism of infection
transmission is the oldest. The causative agents
transmitted through this mechanism are poorly re-
sistant to the external environment, which is why
the species preservation is ensured by rapid inva-
sion of a macroorganism. The main perpetrators
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responsible for the disease transmission are ar-
thropod vectors, carriers of contagious diseases.
As they preceded the emergence of mammals on
the planet they had had sufficient time to adapt to
parasitism in warm-blooded animals. They, in turn,
also harbour parasites - microorganisms that most
commonly cause no serious harm. By parasitizing
animals, they easily became adapted to parasitism
in man.

The evolution of the vector-borne mechanism
of infection transmission has also been strongly in-
fluenced by social factors. Infection occurs after
the pathogen is directly introduced into the circu-
latory system. This naturally occurring transmis-
sion mechanism used by blood-sucking arthro-
pods is further complicated by human interference.
Human progress has entailed various practices of
unnatural, purposeful penetration of the circulato-
ry system - primitive medical manipulations (va-
riolation), injuries incurred during religious rituals
(circumcision), etc. The syringe has been known
for about 200 years, but its misuse plays the role
of a blood-sucking arthropod. Today, from an epi-
demiological point of view, all invasive procedures
are examples of potential routes of transmission of
infection.

Epidemiological logic leads to similar con-
clusions for the fourth group of mechanisms of in-
fection transmission — the mechanism of infection
through the outer covers of the body, the skin and
mucous membranes, which provide an important
protective barrier. Certain pathogenic agents have
evolutionally developed an extraordinary resistance
in the external environment, awaiting their chance
to invade a host through an open wound (anthrax).
Other, not highly resistant causative agents of the
same group, have developed a more reliable way
of invasion through the reproductive system of the
host and transmit the infection during copulation
(sexually transmitted diseases). A special case of
this mechanism are the infections caused by vari-
ous procedures involving bleeding - medical, reli-
gious, domestic, venous drug addicts, etc. It is to be
expected that the sexual route of transmission will
evolve for other, yet unknown, causative agents,
due to its endurance and unresponsiveness to ex-
ternal factors.

The mechanism of disease transmission is at
the heart of an epidemic process. Understanding its
characteristics will help with taking logical and ef-
fective measures for its discontinuation. Ongoing
monitoring to detect its changes is the first stage in
the fight against epidemic diseases.



